ABSTRACT.--We used 19 restriction endonucleases to analyze patterns of cleavage site variation in the mitochondrial DNA (mtDNA) of the five recognized species of Zonotrichia. Each species possesses a unique mtDNA profile. Relative to most congeneric avian comparisons, these species are closely related, with an average percent nucleotide divergence of 4.1%. The Golden-crowned Sparrow (Z. atricapilla) and White-crowned Sparrow (Z. leucophrys) differ by a single restriction site (out of 122), which yields an estimate of 0.11% sequence divergence. These species are sister species in all phylogenetic analyses (Wagner and Dollo parsimony, bootstrapping, distance analyses), and White-throated Sparrow (Z. albicollis) is the sister to these, followed by Harris' Sparrow (Z. querula) and Rufous-collared Sparrow (Z. capensis). The phylogeny based on mtDNA restriction sites differs from that based on allozymes (Zink 1982) in that Harris' and White-throated sparrows are reversed in this sequence. In general, however, the allozyme and mtDNA phylogenies are highly concordant. Similarities in song between White-throated and Golden-crowned sparrows can be interpreted as ancestral retentions. The song of the White-crowned Sparrow is derived relative to other north temperate congeners, and song dialects appear to have evolved independently in White-crowned and Rufous-collared sparrows. Based on the mtDNA data, patterns of hybridization are inconsistent with phylogenetic relationships, and we suggest that hybridization should not be used in taxonomic decisions. Received 4 September 1990, accepted 26 December 1990.
A PHYLOGENY not only provides a trace of a lineage's evolutionary diversification, but it also serves as a framework for the interpretation of the evolution of characters and suites of characters. Molecular methods have been widely heralded because they provide a set of characters that have a simple, known genetic basis, and are genetically independent. Furthermore, it is likely that molecular characters are selectively neutral (e.g. Barrowclough et al. 1985) , and thus their evolution can be predicted by explicit evolutionary models (Nei 1987) and can serve as an approximate molecular clock. Although molecular characters have disadvantages for phylogeny inference (Hillis 1987) , they are used with increasing frequency as a sort of "null" phylogenetic hypothesis, both for estimation of evolutionary history and interpretation of character evolution.
Whether molecular analyses actually produce superior estimates of phylogeny remains to be documented, and tests will likely involve comparison of independently derived phylogenies (including other molecular estimates) of common sets of organisms.
In avian systematics, protein electrophoresis has been used to produce a number of phylogenetic estimates. In many interspecific comparisons of avian protein evolution (e.g. Avise 578 et al. 1980, Johnson and Zink 1983), there was little variation partitioned among species. This does not inspire confidence in any pattern (without independent corroboration from other data sets). Other studies of allozyme variation that used "phylogenetic" and phenetic methods often produced results that surprised many taxonomists, including the biochemical systematists themselves (e.g. Johnson et al. 1988 , Dittmann et al. 1989 . However, few protein-based phylogenetic estimates for birds were tested for robustness or confidence with data-resampling techniques such as bootstrapping (Felsenstein 1985b) . Therefore, the confidence in these protein-based branching diagrams as phylogenies is unknown.
One method of assessing confidence is to compare phylogenetic estimates derived from independent data sets. Zink and Avise (1990) compared allozyme and mitochondrial DNA (mtDNA) evolution in the genus Ammodramus and found a high degree of congruence. Zink and Dittmann (1991) found a generally high correspondence between allozymes and mt-DNA in towhees (Pipilo). In these examples, the phylogenetic signal appeared in both of the genetically independent data sets. However, in Ammodramus and Pipilo, unlike many avian studies, there was considerable allozymic dif-ferentiation, which rather strongly supported a particular phylogeny. Congruence of mtDNA and allozyme results implies confidence in phylogenetic conclusions, whereas confidence in a single data set is difficult to assess (Felsenstein 1985b ).
The genus Zonotrichia contains five species, several of which have been studied extensively by behaviorists and ecologists. For example, vocal dialects in the White-crowned Sparrow (Z. leucophrys) have been studied thoroughly (Kroodsma et al. 1985 
METHODS
The following samples were used: Harris' Sparrow (n = 2), White-throated Sparrow (5), White-crowned Sparrow (6), Golden-crowned Sparrow (6), Rufous- 
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respect to endonuclease, which reduces potential bias caused by some endonucleases with more sites.
We also used the site data to compute the percentage nucleotide difference between common haplotypes for each species using the formula p = -In(F)/ N, where F is the proportion of shared restriction sites between two haplotypes (Nei and Li 1979). We input the resulting values into the FITCH and KITSCH programs, which are "distance" analyses, in PHYLIP to infer branching networks. We compared these with the discrete-character analyses. FITCH partitions distances with a least-squares approach and permits "rates" of evolution to differ. KITSCH constrains branch lengths of sister taxa to be equal, which approximates a uniform rate of evolutionary change.
RESULTS
The 19 endonucleases revealed considerable differentiation (Table 1) All methods used to infer phylogenetic trees gave the same branching structure (Fig. 1) . The bootstrap analyses reveal considerable confidence in this particular branching order. The maximum parsimony tree from both HENNIG86 and PHYLIP was 86 steps and the consistency index was 0.91. The Dollo parsimony tree required 20 reversions (which are maximized in this procedure). The Fitch tree (Fig. 1) The phylogeny (Fig. 1 ) also allows the inference that song dialects in leucophrys and capensis most likely evolved independently. That is, if the song dialects evolved in the ancestor of modern Zonotrichia were subsequently lost and regained in leucophrys, a minimum of three evolutionary events was required. If song dialects were gained independently in capensis and leucophrys, only two events were required. Because leucophrys and atricapilla diverged recently, song dialects in leucophrys must have evolved rapidly. Study of ecological reasons for the evolution of song dialects in leucophrys is justified now that common ancestry is ruled out. For example, both leucophrys and capensis have large, often fragmented ranges. Dialect boundaries, however, do not necessarily correlate with geographic and genetic breaks in leucophrys (Kroodsma et al. 1985) , and albicollis has a relatively large range apparently without dialect formation.
Previous considerations of relationships among members of Zonotrichia involved breeding distributions. In particular, the wide-ranging species, such as leucophrys, might be considered as relatively primitive to the allopatric atricapilla and albicollis, which were viewed as sister taxa. However, the phylogeny reveals that either leucophrys was always widely distributed, and atricapilla recently isolated, or that leucophrys very recently expanded its range. Thus, although allopatric differentiation is likely the common mode of arian speciation, sister taxa of Zonotrichia are not currently allopatric.
In avian taxonomy, hybridization has been used as evidence for making taxonomic arrangements. In Zonotrichia, there are apparently only three intrageneric hybrids known: leucophrys x atricapilla (Miller 1940 The hybrids between Zonotrichia and Junco similarly cannot be used as evidence that the taxa are congeneric. These hybrids support only the rather nebulous concept that the taxa are "re-lated," but they do not permit reconstruction of even the basal phylogenetic limits of the group of species to which Zonotrichia and Junco might be aligned. That is, the absence of hybrids does not mean that two species are necessarily phylogenetically closer or more distant than two species that do hybridize. We suggest that hybridization has no important role in constructing phylogenies and deriving subsequent classifications for these sparrows.
